Abstract The protective effect of pear pomace water extract (PPWE) against hepatic lipid peroxidation was investigated in rats fed a 41% kcal fat diet containing 0.21% cholesterol (HFCD). For 5 weeks, 200 or 400 mg/kg of PPWE was administrated once daily via oral gavage. Body weights were lower in the PPWE-treated group than in the control group. Serum total antioxidant capacity increased, whereas hepatic thiobarbituric acid reactive substances significantly decreased after the administration of PPWE. PPWE recovered the HFCD-induced reduction of hepatic glutathione S-transferase and glutathione peroxidase activity. The serum alanine aminotransferase and aspartate aminotransferase activities significantly decreased on PPWE treatment. The present investigation suggests that PPWE represents a valuable natural antioxidant source for use in the health food industry.
Introduction
Oxidative stress has been defined as a state of imbalance between the generation of reactive species and the activity of the antioxidative defense system [1] . Oxidative stress leads to various chronic health problems, such as cardiovascular diseases, diabetes, nonalcoholic fatty liver diseases, neurological disorders, inflammatory diseases, certain cancers, decreased immunity, and aging processes [2] . Excess levels of reactive oxygen species (ROS) and free radicals caused by oxidative stress may damage cells by directly attacking cellular DNA, proteins, and lipids or by initiating chain reactions [3] . A high-fat diet causes excessive energy intake and is reported to increase oxidative stress in various tissues of rodents [4] . Moreover, experimental studies show that a high-fat diet can be associated with increased hepatic oxidative stress in mammals [5] .
The free radical scavenger system in the human body acts as a physiological defense system to protect tissues against ROS. This defense system is divided into a nonenzyme defense system and an enzyme defense system including superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase, and glutathione S-transferase (GST) [4, [6] [7] [8] .
Owing to the presence of bioactive compounds, pears possess anti-inflammatory, antitussive, diuretic, and antihyperglycemic activities [9] . Pear is a potential source of phenolic compounds, such as arbutin, chlorogenic acid, caffeic acid, and coumaric acid, which are antioxidants [10] . Pear pomace, the byproduct produced during industrial processing, comprises peels, pulps, stems, cores, and seeds [11] . Most of pear pomace is discarded, causing environmental pollution, although it has important dietary components including dietary fiber, polyphenols, and triterpenes. Pear peel has been reported to have a more positive influence on the plasma antioxidant capacity than pear pulp [12, 13] . However, these results are conflictive, particularly concerning the antioxidative capacity of pear peels in the rats fed additional cholesterol [12, 13] . Furthermore, the capacity of the pear to enhance biological defense systems, which are necessary to cope with excessive ROS production, and protect the liver has not been reported.
In the present study, we show that a pear pomace water extract (PPWE) suppresses hepatic lipid peroxidation and protects against liver damage via enhancement of hepatic antioxidative enzyme activity. On the basis of our results, we suggest that pear pomace may be used as an antioxidative agent to prevent oxidative stress-related chronic health problems.
Materials and methods

Preparation of pear pomace extracts
Pear pomace from Pyrus pyrifolia Niitaka was prepared using water extraction. Briefly, 100 g of pear pomace was soaked in 2 L water for 24 h at room temperature. The extract was filtered under reduced pressure and then evaporated and freeze-dried. The yield obtained was 32.6%.
Animals
Sprague-Dawley male rats (3 weeks old) were purchased from the Central Laboratory Animal Inc. (Seoul, Korea) and housed at the University of Mokpo National Animal Care Service facilities with a 12 h light/dark cycle. All animal experimental procedures were approved by the Institutional Animal Care and Use Committee at the University of Mokpo National (MNU-IACUC-2014-003). At 4 weeks of age, the rats were randomly assigned into four groups based on PPWE supplementation: normal diet control (ND-C) with vehicle (n = 8); high-fat/cholesterol diet control (41% kcal fat diet containing 0.21% cholesterol) (HFCD-C) with vehicle (n = 8); HFCD-C with 200 mg/kg body weight (BW) PPWE (PPWE 200) (n = 8); and HFCD-C with 400 mg/kg BW PPWE (PPWE 400) (n = 8). The ingredient compositions of the experimental diets are shown in Table 1 . The PPWE was orally administered via oral gavage. Change in the BW of all rats was monitored weekly. After 5 weeks of treatment, rats from each group were killed by decapitation after fasting for 8 h.
Biochemical evaluation of serum
Blood samples were collected and centrifuged at 2000 g at 4°C for 10 min. The supernatants were immediately stored at -70°C for further use. Total antioxidant capacity (TAC) was measured using an ELISA kit (Cell Biolabs, Inc.) following the manufacture's protocol. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), and blood urea nitrogen (BUN) were determined using a Beckman automatic analyzer (Beckman, USA).
Hepatic thiobarbituric acid reactive substances (TBARS) content and antioxidant enzymes
The livers were excised immediately, rinsed with PBS, and then weighed. An appropriate portion of the liver was homogenized in an ice-cold Tris buffer (pH 7.4). The homogenates were centrifuged at 12,0009g for 20 min at 4°C and then again at 105,0009g for 1 h at 4°C. The supernatant (cytosol) was used for measuring the activities of GPx [Northwest Life Science Specialties (NWLSS) LLC, Vancouver, USA] and GST (Sigma-Aldrich, USA). TBARS contents (Cell Biolabs, Inc.) were measured in the microsomes. Protein content was measured using the Bradford protein assay (Sigma, St. Louis, MO, USA).
Statistical analysis
Statistics were analyzed using the SPSS program (Version 23, Chicago, USA). Results are expressed as the mean ± S.E. and comparisons are based on one-way 
Results and discussion
Effect of the PPWE on body weight, food intake, energy intake, and food efficacy ratio
An HFCD results in excessive energy intake and increased oxidative stress [4, 12] . In the present study, the food intake of rats in all groups was the same [ Fig. 1(A) ]. However, energy intake was significantly higher in the rats fed the HFCD than in rats fed the ND [ Fig. 1(B) ]. The HFCD increased the food efficacy ratio (FER) compared to the ND intake [ Fig. 1(C) ]. FER in the rats treated with PPWE decreased compared to that in the rats fed the HFCD-C, although this difference was not statistically significant [ Fig. 1(C) ]. The HFCD tended to increase the body weight (BW) of rats after 5 weeks of intake compared to the ND intake. The BW of rats treated with PPWE 200 mg/kg/day significantly reduced in comparison with that of rats fed the HFCD-C. However, the decrease in the BW of rats treated with a higher dose of PPWE 400 mg/kg/day was not significantly different compared to that of the rats treated with the HFCD-C or ND-C (Table 2) . Epidemiological studies have shown a relation between excessive fat accumulation and oxidative stress [14, 15] . Although the cause of this association remains uncertain, fat accumulation accompanied by the subsequent inflammatory responses has been considered as a source of oxidative stress [16] . In a previous study, we showed that PPWE inhibits fat accumulation by inhibiting adipogenesis and inducing apoptosis in 3T3-L1 cells [17] . Therefore, the inhibitory effect of the PPWE on fat accumulation may be associated with antioxidative capacity.
Effect of the PPWE on serum TAC, hepatic TBARS, and antioxidative enzymes
To show the antioxidative capacity of the PPWE against oxidative stress induced by high fat and cholesterol intake in vivo, we investigated the effect of the PPWE on the serum TAC and hepatic TBARS content and antioxidative enzyme activity in rats fed an HFCD. Serum TAC tended to decrease in the rats fed an HFCD; however, this was not significant. The PPWE at a dose of 200 mg/kg/day increased the TAC to the same level as that of rats in the ND-C [ Fig. 2(A) ]. Although no significant difference in serum TAC was found, we observed that the PPWE reduced the hepatic microsomal TBARS content, which was increased by the HFCD [ Fig. 2(B) ]. The lipid peroxidation assay was used to measure the amount of peroxide produced, which is the primary oxidation product during the initial stages of oxidation [18, 19] . Previous studies have shown that fruit peels possess a higher content of bioactive compounds, including polyphenols, thereby having higher antioxidative activity [20, 21] . Leontowicza et al. [13] reported that the antioxidative potential of the pear, determined by analyzing the DPPH and NO radical-scavenging activity, was significantly higher in the peels than in the pulp. Other research has shown that pear seeds contain the highest concentration of phenolic substances, followed by that in the peel and pulp [22] . Pear pomace used in the present study comprised peels, pulps, stems, cores, and seeds. Therefore, we presume that the bioactive compounds in peels and seeds might contribute to the decrease in the TBARS content of PPWE-treated rats. Biological defense system against ROS in cells cannot completely prevent the detrimental effects of excessive ROS [23] . Therefore, additional antioxidants, which can increase antioxidative enzyme activity or detoxify toxicants such as lipid byproducts and hydrogen peroxide, help cells to tackle excessive ROS production. GPx, in association with GST, plays an important role in detoxifying lipid byproducts and hydrogen peroxide derived in response to infection or through physiological metabolism [24] . We measured the hepatic activity of GPx and GST to verify that PPWE activates these enzymes, thereby reducing TBARS content. PPWE treatment increased GPx activity [ Fig. 3(A) ]. In addition, the HFCD reduced GST activity, and PPWE recovered the GST activity to the same level as that of rats fed the ND [ Fig. 3(B) ]. We did not observe dose-dependent increases in hepatic GPx and GST activities. GPx and GST are commonly regulated by transcription factor Nrf2, which is a member of the basic leucine zipper NF-E2 family. Nrf2 plays a crucial role in deactivating or eliminating ROS and carcinogens [25] [26] [27] [28] . Meanwhile, caffeic acid and its ester chlorogenic acid, which are the most abundant polyphenols in pear, are reported to stimulate GST activities. Furthermore, this stimulation is caused by the interaction of Nrf2 and AREs [28] . Therefore, we can assume that polyphenols in pear, particularly caffeic and chlorogenic acids, up-regulate GPx and GST activities through the Nrf2 signaling pathway. Our results indicate that the PPWE-induced increase in hepatic GPx and GST activities might reduce hepatic TBARS. The increased content of TBARS in rats fed the HFCD indicates that ROS produced by HFCD-induced oxidative stress may damage hepatic cells. Increased hepatic lipid peroxidation in cells is accompanied by an increased lactate dehydrogenase release in the medium, indicating the oxidative induction of plasma membrane damage [29] . Therefore, we measured the ALT and AST activities and BUN content in the serum to reveal the protective effect of the PPWE against hepatic damage, which was via improved antioxidative capacity. ALT and AST has been suggested as useful predictors of liver pathology. Furthermore, they are used as markers for chronic hepatitis C [30] . It has been established that hepatic dysfunction in obesity is connected with oxidative stress and steatosis accompanying insulin resistance, resulting in nonalcoholic fatty liver disease (NAFLD). NAFLD extends from simple steatosis to inflammatory steatohepatitis and finally to possible long-term injury. ALT has also been applied as an indicator of NAFLD [30, 31] . As expected, the HFCD showed increases in ALT and AST compared to the ND. The PPWE significantly decreased ALT and AST activities in the rats fed an HFCD, [ Fig. 4(A) (B) ]. Therefore, we can suggest that PPWE protects the liver against fat accumulation and hepatic dysfunction. Meanwhile, the HFCD tended to increase serum BUN, and PPWE at 200 mg/ kg/day decreased it to the same level as that of the ND. However, high-dose PPWE (400 mg/kg/day) increased serum BUN [ Fig. 4(C) ]. Our data indicate that the PPWE protects the liver against HFCD-induced hepatic lipid accumulation and damage. We can presume that the PPWE-induced increase in hepatic antioxidative enzyme activity contributes to the protection of the liver against damage caused by lipid peroxidation.
In the present study, we demonstrated the antioxidative capacity of PPWE in the rats fed an HFCD. PPWE inhibited fat accumulation in rats fed an HFCD. As expected, PPWE effectively reduced the hepatic microsomal TBARS that was increased by HFCD, suggesting that PPWE in liver has an antioxidant potential. In addition, the antioxidant potential of PPWE might be partially achieved through the increase in activities of hepatic antioxidative enzyme such as GPx and GST, which play an important role in detoxifying lipid byproducts. We also showed that PPWE had a protective effect against liver damage determined by ALT and AST. Therefore, PPWE possesses potential as a natural antioxidative agent and may be applicable in the health food industry.
